The acidophilic thiobaciili Thiobacillus thiooxidans and Thiobacillusferrooxidans both grow on elemental sulfur, but only the latter uses ferrous iron as an energy source. The oxidation of sulfur to sulfuric acid by T. thiooxidans with sulfite as the key intermediate was proposed (8, 9) on the basis of the sulfur-oxidizing enzyme and sulfite-oxidizing enzyme systems: S + 02 + H20 -O H2SO3 and H2SO3 + ½2 02 --H2SO4. A similar system involving iron reduction and oxidation was proposed more recently for T. ferrooxidans (6) , with the same overall stoichiometry. Despite the presence of the sulfur-and sulfite-oxidizing enzyme systems in these as well as in other thiobacilli (9) , the mechanism of oxidation of inorganic sulfur compounds is still controversial (3). This controversy is probably due to the reactive nature of inorganic sulfur intermediates, which makes the direct demonstration of a partial oxidation reaction difficult. Nevertheless, T. ferrooxidans cells accumulate some sulfite during the oxidation of sulfur when the pH is raised (7) .
This report presents direct evidence that sulfite is the oxidation product of sulfur in T. thioaxidans cells when the further oxidation of sulfite is inhibited. Under certain conditions, sulfur is nearly stoichiometrically oxidized to sulfite; i.e., the oxidation of sulfur to sulfite is totally dissociated from the oxidation of sulfite to sulfate.
T. thiooxidans (ATCC 8085) was grown for 5 days at 28°C
without shaking on elemental sulfur powder spread on the surface of Starkey's medium 1 as described previously (8) A solution of Na2SO3 (0.1 M) was prepared in 50 mM disodium EDTA, and 2.5 ,umol of sulfite was used as a substrate. Sulfite was determined by the pararosaniline method (12) after the removal of cells and sulfur by centrifugation.
T. thiooxidans cells oxidize elemental sulfur equally well either at an acidic pH, which is required for growth, or at a neutral pH, at which no growth is possible (8) . Various researchers reported 2-n-heptyl-4-hydroxyquinoline N-oxide (HQNO) or antimycin A to be a strong inhibitor of sulfite oxidation in cell-free systems of thiobacilli (1, 4, 10, 11) . The oxidation of elemental sulfur by T. thiooxidans cells was Table 2 , experiments 3 and 4), the molar ratio of sulfur added to 02 used to sulfite formed was 1:1:1, in agreement with the equation S0 + 02 + H20 --H2SO3 at pH 7.0 in the presence of HQNO. At pH 2.3, the oxidation was incomplete because of strong progressive inhibition by HQNO, and the amount of sulfite recovered was lower. In the absence of HQNO, very little sulfite accumulated and the amount Of 02 consumed was approximately 1.5 times the amount of sulfur oxidized in moles, in agreement with the complete oxidation of sulfur to sulfate: S + 102 02+ H20-* H2SO4.
The direct demonstration of elemental sulfur oxidation to sulfite by T. thiooxidans cells confirms our original proposal (8, 9) and establishes the central role of sulfite in inorganic sulfur metabolism. (2) 
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